Abstract. We conducted the first survey of zoonotic risk of Hepatitis E virus (HEV) transmissions in Ouagadougou, Burkina Faso, through the direct contact with pork meat during professional activity. Anti-HEV antibodies were more prevalent in pork butchers, 76% than in the general population, which was 47.8% in 2013 (odds ratio = 3.46, 95% CI = 2.85-4.21, P < 0.001). Among slaughter-aged swine, HEV seroprevalence was of 80%, and HEV RNA was detected in 1% of pork livers. Phylogenetic analysis pointed out HEV genotype 3. Thus, in addition to possible HEV contamination through the water source, as in endemic region, zoonotic transmissions of HEV probably occur in west Africa.
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Hepatitis E virus (HEV) is a causative agent of acute or fulminant hepatitis in humans occurring in many areas of the world. 1 In most cases, it is a self-limited infection with a rapid viral clearance, but it can evolve into more severe forms as the mortality rate ranges from 1% to 4% in the general population and to nearly 20% in pregnancies during outbreaks. HEV epidemiology involves fecal and oral transmission either through the water source in endemic regions or through zoonotic exposure (direct contact with infected animal, meat or consumption of infected foods) in non-endemic areas. 2 More recently, cases of chronic hepatitis E have been reported in patients under immunosuppressive treatment such as solid organ transplants, which has progressed to more serious conditions, including fibrosis, liver cirrhosis, and liver failure. 3 In addition to humans, HEV has been identified in several other animal species, especially pigs where infections are asymptomatic. 4 Hepatitis E is now a recognized zoonotic disease with swine being the main source of human infections. 5 In addition, people working in contact with swine and at slaughterhouses are known to be at higher risk of HEV exposure. 6, 7 In Burkina Faso, there is very little epidemiological data available on HEV infection, and it is unknown if zoonotic transmissions occur. To assess if population in contact with pork meat are at higher risk of HEV infections, a survey was performed in butchers from Burkina Faso and in pigs at slaughterhouse. Thus the objectives of this study were to 1) determine HEV seroprevalence in pork butchers in comparison to the general population, 2) determine HEV serological and virological prevalences in slaughter-aged pigs, and 3) identify the HEV genotype present in pigs.
Human sera were collected during a serologic survey in Ouagadougou, the capital city of Burkina Faso, of blood donors (90 sera sampled in July 2013 in Ouagadougou blood bank) and among people working daily with pork meat and preparing street food, after obtaining informed consent (authorization no. 2014-12-128-3 December 2014). First, pork sale sites were recorded in the great Ouagadougou area in 2013. The sales sites were geographically displayed with ArcGIS 10.0 (Esri, Redlands, CA) ( Figure 1 ). Behavior investigations were conducted in 155 sites from the 292 butchers' shop found. Thus 100 serum samples were collected on-site from volunteer butchers. Anti-HEV immunoglobulin G (IgG) were determined using HEV-IgG ELISA Dia.Pro (Diagnostic Bioprobes s.r.l, Milan, Italy) while anti-HEV IgM were determined using Wantai kit (Biological Pharmacy Enterprise Co., Beijing, China). The tests were carried out according to the manufacturer's instructions including positive and negative controls. Both tests detect IgG or IgM antibodies against the four major HEV genotypes. For the Burkinabe population, Dia.Pro and Wantai detection of IgG are correlated. 8 The epidemiological characteristics of butchers are presented in Table 1 .
Swine sera and liver samples were collected from November to December 2012 and July to August 2013 from 257 pigs of local herds. From the sale sites investigation, an average of 8,700-17,400 pigs were estimated to be slaughtered per month in Ouagadougou. The slaughter age of animals ranged from 6 to more than 18 months. About 100 samples of blood were collected during the bleeding at the slaughterhouse of Kambouinse, and 157 pieces of liver were bought from various sale sites. A commercial test validated for veterinary analysis was used to detect anti-HEV antibodies by enzyme-linked immunosorbent assay 4.0v (MP Diagnostics, Illkirch, France) according to the manufacturer's instructions except that 10 μL of sera was used. 9 For each liver tissue sample, 30-50 mg were crushed and homogenized with ceramics beads in 1 mL of RNA lysis buffer (QIAGEN, Hilden, Germany) by using a Precellys ® 24 apparatus (Bertin Technology, Montigny-le-Bretonneux, France). Total RNA was extracted from 500 μL suspension by using the RNeasy Mini Kit (QIAGEN) according to the manufacturer's recommendations. HEV RNA was detected by using quantitative reverse transcription polymerase chain reaction (RT-PCR) adapted from the study of Barnaud and others. 9, 10 From the 157 liver tissues analyzed, one was found positive. For sequence analysis, a region from the open reading frame 2 (ORF-2) region (capsid protein) was amplified by nested RT-PCR from the positive sample. The PCR product (348 bp) was purified on a 1% (w/v) agarose gel electrophoresis with a PCR clean-up kit, extracted (MACHEREY-NAGEL, Düren, Germany), cloned in a pJET1.2 Easy vector (Thermo-Fisher Scientific, Illkirch, France), and then sequenced (Beckman Coulter Genomics Inc., Takeley, UK). HEV sequences with strong similarities with the HEV-BF strain (accession no. LN831924) were retrieved from databases using BLAST *Address correspondence to Pierre Roques, Service d'Immuno-Virologie, iMETI, CEA, 18 Route du Panorama, 92265 Fontenay-aux-Roses, France. E-mail: pierre.roques@cea.fr (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The serological data from human and pigs were processed, analyzed, and plotted using Excel 2013 (Microsoft, Issy-les-Moulineaux, France), Statview (SAS Institute, Cary, NC), and Prism 6.0e (GraphPad Software, La Jolla, CA).
The human prevalence of IgG anti-HEV among blood donors in 2012 was 19.1% (95% confidence interval [CI] = 13.3-24.9) but reached 47.8% (95% CI = 37.5-58.1) in 2013 among the blood donor cohort sampled for this study during the wet season. 8 This increase is not fully understood but might be associated with seasonal movement of population with poor hygienic status. In contrast, the global HEV prevalence among Ouagadougou butchers was estimated to be 76% (95% CI = 67-84). Thus, butchers had a significant risk factor 3.5 times higher compared with the general population sampled and tested in 2013 (odd ratio = 3.46, 95% CI = 2.85-4.21, P < 0.001). These findings suggest that HEV zoonotic transmissions occur through frequent contacts with biological samples (feces, blood) and organs of infected animals. 11 These results are consistent with similar studies worldwide that had shown a high prevalence of HEV infections in people who work in direct contact with pigs or pig meat.
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Anti-HEV IgM were present in 3.19% (95% CI = 0.95-2.95) of 2013 blood donor population and in 1% (95% CI = 1.70-4.68) of butchers. However, this difference is not significant. The low percentage of recent infection (IgM positive) among butchers can be explained by the high percentage of anti-HEV IgG antibodies and, possibly, by the time spent in the activity (> 5 years). Despite the absence of registered HEV epidemics, these results indicate a high incidence of HEV infections. This is illustrated by the increase of IgG seroprevalence between 2011-2012 and 2013 in the general population and is probably associated with subclinical infections. As expected, we observed an increased prevalence with age among butchers (55% below 25 years of age, N = 40; 90% older than 25 years of age), which could be explained by a longer time of exposure. 13 In the swine reservoir, a high seroprevalence rate of 80% (95% CI = 72-87) was found in pigs older than 6 months of age. These results show an active HEV circulation among domestic pigs in Burkina Faso. Furthermore, one liver sample was found positive for HEV RNA. Because the sampling of slaughter-aged pigs includes animals older than 12 months, this discrepancy between high seroprevalence and low HEV portage was not surprising.
14 At that age animals had certainly cleared the infection. The HEV sequence, identified in this Burkinabe pig, was clustered with an African sequence of genotype 3 HEV from Yaounde (Cameroun) and Madagascar and had a > 98% similarity but was very different from the Nigerian strains as shown by BLAST analysis. 15 The phylogenetic analysis of the swine HEV-Burkina sequence, together with retrieved sequences and reference sequences, showed that the Burkinabe sequence is related to swine HEV strains from Cameroun and Madagascar but not from Congo (bootstrap value = 85; Figure 2 ). Addition of other published swine HEV sequences showed that our strain is part of a group of sequence with no subtype or geographical origin cluster (Supplemental Figure 1) . Thus, other factors, such as pork species and their international trade, should be investigated.
In conclusion, this study showed the presence of HEV genotype 3 in sub-Sahel areas where only HEV genotype 1 had been identified or suspected until now. Thus the HEV from pigs may be a new source of human contamination by direct contact with infected animals (butchers, farmers) or consumption of infected meat that was not cooked properly. 5 Additional studies are needed to explore the different HEV genotypes associated with clinical hepatitis E in human and to investigate the possible role of the pig reservoir and zoonotic transmission in HEV epidemiology in west Africa. FIGURE 2. Phylogenetic analysis from the partial hepatitis E virus open reading frame 2 (HEV-ORF2) sequence obtained from Burkinabe swine (swine Burkina AC#LN831924; indicated by a dot and an arrow) aligned with 33 reference sequences retrieved from Genbank using MEGA6 software. 16 Maximum-likelihood method based on the Kimura two parameters model was used with a discrete gamma distribution (+G) and portion of invariable sites (+I) to model evolutionary rate differences among sites (+G = 0.4606; +I = 64.018% sites). The tree with the highest log likelihood (−2,304.6559) is shown. The robustness of the branching order was assessed by bootstrap method (200 replicates) as shown next to the branches (values below 45% were not shown). Branch lengths scale is the number of substitutions per site. Sequence name, given as species-HEV-country-strain-name, and accession number are given in Supplemental Table 1 . All positions containing gaps and missing data were eliminated, leaving 276 positions in the final dataset.
